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APPARATUS AND METHODS FOR SUBXIPHOID 
ENDOSCOPIC ACCESS 

CROSS-REFERENCE TO RELATED APPLICATIONS 
5 This application claims priority from provisional applications 

60/150,737 filed August 25, 1999, and 60/148,130, filed August 10, 1999, each 
of which are hereby incorporated by reference in their entirety. 

BACKGROUND OF THE INVENTION 
10 Field of the Invention 

The present invention relates to apparatus and methods for performing 
minimally invasive surgery. More particularly, the invention relates to a 
method of accessing the mediastinum and the pericardium using a single 
subxiphoid incision, and using an endoscopic cannula to access all regions of 
1 5 the heart. 

Description of the Related Art 

Several different incisions have traditionally been used to access 
mediastinal organs, such as the heart (surrounded by the pericardium), the 

20 esophagus, and lymphatic glands. Examples of such incisions are sternotomy (a 

division of the patient's sternum) thoracotomy (an incision between two 
adjacent ribs) and a subxiphoid incision to create a pericardial window by 
exposing and excising a portion of the pericardium. For example, a subxiphoid 
incision has been made to allow excision of the xiphoid, and retraction of the 

25 sternum upward to expose the anterior pericardium. 

These procedures, however, are all quite invasive, requiring large 
incisions or open heart surgery. Thoracotomy is additionally invasive as it 
requires the deflation of one or both lungs, since the approach is via the pleural 
cavity. Nevertheless, when it is desirable to access other regions of the heart 

30 than merely its anterior region, the current practice is to employ these invasive 

methods to dislodge the heart from its resting place within the pericardium, so 
that all regions of the heart may be accessed and cardiac procedures performed. 
For example, to access both left and right sides of the heart, as well as the 
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posterior and anterior regions, surgeons are currently using a partial or full 
sternotomy (i.e. a partial or full division of the patient's sternum) to gain access 
to the several regions of the heart by permitting the heart to be rotated or lifted 
out of its resting place in the chest. Such a procedure, however, is too invasive, 
5 and thus not desirable. 

With the advent of minimally invasive surgery, approaches have been 
developed using smaller access incisions or ports. Coronary bypass surgery has 
been performed on the beating heart through direct incisions in the chest and 
abdomen, including sternotomies and thoracotomies. A subxiphoid incision has 

1 0 been used to anastomose a gastroepiploic artery to the posterior descending 

coronary artery for coronary artery bypass. These procedures, however, have 
been performed under direct vision, and thus still require a fairly large incision 
to assist the surgeon in observing the field of surgery. 

To achieve even less invasive surgery, it is desirable to perform cardiac 

1 5 procedures endoscopically . Endoscopic coronary bypass surgery has been 

performed on a stopped heart following the institution of cardiopulmonary 
bypass. In this procedure, ports are placed in the intercostal spaces, through the 
chest wall, to allow placement of the endoscope and operating instruments. 
This method, however, does not enable the surgeon to access all regions of the 

20 heart. With port access surgery or beating heart surgery from a limited 

thoracotomy, only one side of the heart is accessible. For example, with a left 
thoracotomy or the introduction of left side ports, surgery is limited only to the 
left side of the heart. Endoscopic harvesting of the gastroepiploic artery for 
coronary artery bypass surgery has also been described, involving standard 

25 laparoscopic techniques of gas insufflation and introduction of laparoscopic 

forceps, scissors, and staplers. However, none of these minimally invasive 
methods allow access to all regions of the heart. Thus, a method and apparatus 
are needed to allow safe and minimally invasive access to all regions of the 
heart for performing cardiac procedures. 

30 In addition, conventional procedures such as open heart surgery, port- 

access surgery using trocar ports and an endoscope, or beating heart surgery 
through a partial sternotomy or thoracotomy, all require making a large incision 
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in the pericardium to expose the heart. In the prior art, methods of accessing the 
heart to perform cardiac procedures involved making an incision in the 
pericardium using a sharp-edged instrument through an incision in the chest. 
As the heart typically underlies the pericardium contiguously, the surgeon is 
5 presented with the difficult task of incising the pericardium without accidentally 

cutting the heart. To avoid this difficulty during port-access surgery, a second 
incision into the skin is also required to allow the insertion of forceps to pull the 
pericardium away from the heart. This allows the incision of the pericardium to 
be executed more safely. However, this technique requires multiple incisions in 

1 0 the patient and requires the advancement of multiple instruments in separate 

passageways to the pericardium. 

In addition to requiring several incisions, the conventional techniques 
also typically require the incision in the pericardium to be lengthy. The sharp- 
edged instrument must slice a cut of sufficient length to allow the insertion of 

1 5 other surgical tools into the pericardium. At the end of the cardiac procedure, it 

is desirable to close the pericardial incision if possible, to reduce fibrous 
adhesions to the heart and pericarditis. With endoscopic port-access surgery, a 
long pericardial incision is difficult to close, due to the complexity of 
endoscopic suturing. 

20 Another problem arising in conventional cardiac procedures is the 

dissection of a working tunnel from the initial incision to the pericardium. 
Mechanical probing of heart tissue may cause severe or dangerous cardiac 
arrhythmias such as ventricular fibrillation. Therefore, it is desirable to use a 
small dilating instrument to create the initial tunnel. However, the instruments 

25 currently available to perform cardiac procedures are typically large, and 

therefore a larger cavity must be dissected to allow these instruments to pass 
through to the pericardium. Although using a larger dilator may create the 
necessary space, a larger dilator may cause damage to the heart by causing 
cardiac arrhythmias as discussed above. If a smaller dilator is used to minimize 

30 this potential trauma, the working cavity may not be large enough to allow the 

larger instruments required in the procedure to be advanced to the pericardium. 
A further problem with conventional dilators such as balloon dissectors is that 
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such tools exert shear force on the surrounding tissue as they are advanced in 
the body. Shear force has a tendency of causing vessel avulsion and tissue 
abrasion. 

\ ^> A^riou&i ither schemes and devjc esiiaye_be en previo usl y devised in ai r 
attempt to enter the pericardium via a small portal of entry, or via a 
percutaneous puncture site. None of these systems permit reliable, safg entry 
under direct, endoscopic visualization. U.S. Patent No. S^Sl^ip^Grabek) 
describes a grasping instrument with jaws that grasp the pericardium followed 
by advancement of a needle through a bore in the shaft ofihe instrument, 
depicts a grasping instrument with jaws. The needle^extends between the closed 
jaws of the device, into the pericardium. This cpncept suffers from 
unreliability, as it is difficult to ensure that the needle will pierce between two 
layers of pericardium that are compressed by the jaws of the device, without an 
active technique of holding the two opposed layers of pericardium apart. 
Thus, as there is no central cavity in a flap of pericardium grasped by the 
instrument jaws, a needle advanced down a central bore of the instrument may 
easily end up outside of pic pericardium, or embedded in the pericardium, 
instead of lying between the two layers of pericardium pinched together by the 
jaws. Also, axiaLtfdvancement of the needle carries the potential of myocardial 
puncture. Needle entry with the Grabek device must be verified by subsequent 
passaged! a guidewire into the pericardial sac, or by infusion of fluid or 

a s t material through the nccdlp into th e pericardial cavity ^ 

U.S. Patent 5,827,216 (Igo et al.) and U.S. Patent 5,972,013 (Schmidt) 
both describe tubes that are placed in contact with the pericardium, applying a 
vacuum to pull a bleb of tissue into the tube, followed by penetration of the 
pericardial bleb with a needle. These techniques are unreliable, because there is 
generally a layer of fatty tissue adherent to the pericardial surface, and suction 
may pull fat into the tube instead of pericardium. 

-U: S. Patent 5,071,4 ^8 (uhm et al.) describes a clamp witl^ijiLa L-points -" 



30 that grasp a flap of pericardium, allowing^guidewifeto be advanced within 

y tubular guides tcrpynctoe'ffifough the pericardium. A tube may follow the 

pwd e^fre into the intra pericardial s pace. T his design may r,an<ge myocardial 
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v tratfflra~due to the s harp pointed gias p ing etempr-ThiriTnii^^ 
pe ricardial g r asping 7pericardial-ffuneture r gui^ 

-ins ertion r e nd e r thi s^eehniqtxeJmpractisaL 

Therefore, apparatus and methods are needed to provide safe and 
minimally invasive access to all regions of the heart during cardiac procedures, 
requiring a minimum number of incisions, and without requiring a long incision 
either for initial access or at the pericardium. The proposed technique of this 
application allows reliable and safe entry into the pericardium under continuous 
endoscopic visualization. 



SUMMARY OF INVENTION 
Apparatus and methods for using the apparatus are disclosed for 
providing safe and minimally invasive access to mediastinal structures, 
including the heart surrounded by the pericardium. More specifically, the 

1 5 apparatus and methods are directed to accessing the pericardium via a 

subxiphoid approach, accessing the heart within the pericardium, and 
performing cardiac procedures thereon. 

The surgical apparatus preferably used for performing the surgical 
method of this invention is an endoscopic cannula comprising a cannula, a 

20 transparent tip located at the distal end of the cannula, and an endoscope 

preferably positioned at the distal end of the cannula. The cannula has at least 
one lumen, and one or more additional lumens for advancement of surgical 
tools. The transparent tip is preferably tapered to provide better visualization by 
offsetting and retracting tissue away from the field of view. Still more 

25 preferably, the transparent tip has a generally conical shape. The transparent tip 

is preferably removable and replaceable, such that it may be removed when it is 
desired to obtain a sharper image of the surgical site. 

In a preferred embodiment, the endoscopic cannula may comprise an 
access port positioned at a proximal end of the cannula, for receiving surgical 

30 instruments into an instrument lumen of the cannula. Such a preferred 

endoscopic cannula further comprises an endoscopic eyepiece, skewed relative 
to the proximal end of the endoscope, for facilitating the viewing of a surgical 
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site through the endoscope while minimizing interference with surgical 
instruments introduced into the cannula. 

rfa-airaFEernative embodiment, the cannula of ti le endoscopic- cannula 




Jf) ^Articulable, and the cannula further comprises a wire lumen, a wire, ax^drw 

articulating lever. The wire is positioned within the wire lurpenTmiving a distal 
end attached to a distal end of the cannula. The artipul^mig lever is positioned 
near the proximal end of the cannula, attachecTto the proximal end of the wire, 
for tensioning the wire in a first opsifion to cause the distal end of the cannula to 
bend away from the projdirfal end of the cannula, and for relaxing the wire in a 
1 0 second positkjp-tdposition the distal end of the cannula substantially parallel to 

thg^pre?Timal end of the cannula. 

Using the methods of this invention, the endoscopic cannula is either 
directly advanced to the mediastinum or alternatively, a cavity is first dilated 
and the endoscopic cannula is advanced through the dilated cavity. Once the 
1 5 endoscopic cannula is advanced into the mediastinum, surgical tools are 

advanced through the one or more additional lumens acting as access ports, and 
surgical procedures are performed within the mediastinum. In directly 
advancing the endoscopic cannula, the endoscopic cannula is inserted directly 
into the initial subxiphoid incision and is guided, under endoscopic 
20 visualization, to the surgical site. Alternatively, a cavity toward the surgical site 

may be first dilated using a dilation tool according to this invention, and the 
cannula may be subsequently advanced within the dilated cavity. The second 
method is advantageous because as the dilation tool generally has a smaller 
diameter than the endoscopic cannula, initially inserting the dilation tool 
25 minimizes trauma to the heart and reduces the chance of ventricular fibrillation 

due to irritation of the heart with a large diameter instrument. 

The dilation tool optionally used to dilate a cavity for the endoscopic 
cannula has an inner cannula having an elongated body, a transparent tip at the 
distal end of the elongated body, an endoscope, and an outer expandable sheath. 
30 Preferably, the dilation tool has a small maximal dimension which minimizes 

trauma to the pericardium upon reaching the pericardium. The inner cannula 
has a tip having an enlarged region positioned distal to a distal end of the outer 
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expandable sheath. The inner cannula is withdrawn through the outer 
expandable sheath, and the expandable sheath dilates a cavity concurrent to the 
retraction of the tip. The expandable sheath exerts a radial force against the 
surrounding tissue as the tip is retracted through the sheath. The radial force 
5 provides a less traumatic dilation than conventional dilation techniques such as 

using a bougie dilation, in which shear force is directly applied to surrounding 
tissue. 

Once the cavity is dilated, the endoscopic cannula is then inserted into 
the incision and advanced into the proximal end of the expandable sheath. As 

1 0 the endoscopic cannula is advanced to the pericardium through the sheath, it 

will also cause the expandable sheath to expand further and dilate the working 
tunnel to a sufficient size to accommodate the endoscopic cannula. The 
expandable sheath provides the additional benefit of guiding the endoscopic 
cannula to the proper position at the pericardium. Alternatively, the endoscopic 

1 5 cannula is inserted directly into the initial incision without dilation. 

Where the endoscopic cannula is used to perform cardiac procedures 
within the pericardium, a tool is needed to incise an opening into the 
pericardium for inserting the endoscopic cannula into pericardium. A preferred 
tool to be inserted into the lumen of the endoscopic cannula for providing entry 

20 through the pericardium is a pericardial entry instrument in accordance with the 

present invention. The pericardial entry instrument includes a grasping tool for 
gripping a portion of the pericardium, and a cutting tool slidably disposed on the 
outside of the grasping tool for cutting the gripped portion of the pericardium. 
In a preferred embodiment, the pericardial entry instrument is utilized under 

25 endoscopic visualization. The pericardial entry instrument is advanced through 

a lumen of the endoscopic cannula and toward the pericardium, where it is then 
used to cut an opening into the pericardium for advancing other surgical tools 
into the pericardium, 
v $n -fo-^l^ ferced method, the p c iicai dial - entry d e vice is adyang 

30 V^^mngentially to the pericardium to allow the gasping-ttfoTto grasp a flap of the 
pericardium without endangejijig^di&TSiderlying heart. Once a flap of the 
pmrerrrlt affi5iPg5s^ cuning to ol is extended to cut th e flap, creating a— 
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smati" opening into wnicn other surgi cal louls i i idy b e introduced. In - apicfcu ci 
embodiment, the cutting tool is a tubular cutting device which creates a^cifcular 
opening which facilitates the introduction of other surgical tools^Uue to the 
small circumference of the tubular cutter, the opening in tjierpericardium is also 
5 small. One embodiment of a method of performineXcardiac procedure used in 

conjunction with the described apparatus comprises first making a single 
subxiphoid incision to provide initial acpe^s into the patient's body, inserting an 
endoscopic cannula into the incisionfadvancing the endoscopic cannula to the 
mediastinum under endoscome'visualization, and performing the surgical 
1 0 procedure within the mejirastinum. Optionally, the method further includes 

initially providing a-dilated cavity for passing the endoscopic cannula into the 
mediastinum^previously described, and performing the surgical procedure 
iastinu»r- 

As the pericardium, enclosing the heart, resides in the mediastinum, one 
1 5 major application of the methods according to the present invention is for 

performing cardiac procedures within the pericardium. For these procedures, 
the endoscopic cannula is advanced under endoscopic visualization, as 
described previously, either directly into the initial subxiphoid incision or after 
first dilating a cavity using a dilation tool as described herein. Upon reaching 
20 the pericardium, a flap of the pericardium is gripped using a pericardial entry 

instrument as described herein, and the flap is cut to create an opening in the 
pericardium. Alternatively, the pericardial entry instrument may be aligned 
substantially tangentially to the pericardium under endoscopic visualization in 
gripping a flap of the pericardium. In cutting the pericardium, this invention 
25 contemplates cutting the flap of the pericardium away from the underlying 

heart. 

The subxiphoid approach method is particularly advantageous as it 
enables the surgeon to access all regions of the heart, that is a 360 degree access 
capability including the anterior, posterior, left and right regions of the heart. 
30 Using one embodiment of this method, the cannula is initially inserted into the 

pericardium via an incision near the apex of the heart and then swept over the 
anterior and posterior surfaces of the heart. It should be noted that while entry 
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near the apex of the heart aids the surgeon by providing a landmark for easier 
recognition of the position of the endoscopic cannula within the body, such an 
entry is not required by this invention and other entry positions, such as entry in 
the posterior region of the heart, are also contemplated. Once inside the 
5 pericardium, the cannula can be maneuvered around the heart substantially 

because of the subxiphoid entry and the flexibility of soft tissue around the 
heart. Thus, all regions of the heart may be accessed without the need for 
invasively lifting or rotating the heart to access posterior or lateral vessels and 
structures. 

1 0 The subxiphoid access method is quite advantageous over conventional 

methods. As this procedure is performed under endoscopic visualization it is 
minimally invasive. In addition, as the approach is through a subxiphoid 
^3 incision, there is no need to go through the pleural cavity and thus no need to 

f ; deflate the lungs. Also, although the method requires only a single incision 

U1 1 5 (that is, the subxiphoid incision), using this method access is gained to all 

1* regions of the heart. Conventionally, such extensive access to the heart has only 

^ 1 been possible using invasive methods such as pericardial window, open heart 

O surgery, or port access surgery using several incisions and ports. Thus, using 

%i the subxiphoid access method as herein described, the surgeon may access all 

20 regions of the heart with a single incision, without needing to go through the 

f j pleural cavity. 

In particular, the subxiphoid access methods of this invention are 
advantageous over the methods disclosed in the Grabek, Igo and Schmidt 
patents. As described above, the Grabek method is unable to reliably enter the 
25 pericardium, as there is no central cavity in a flap of pericardium grasped by the 

instrument jaws, and needle entry with the Grabek device must be verified. In 
contrast, the instrument of this application uses a tube to cut along a flap of 
pericardium grasped by jaws, under direct visualization. There is no ambiguity 
regarding success or failure of the pericardial entry, as the pericardial hole is 
30 observed as it occurs. The methods disclosed in Igo and Schmidt both employ 

vacuum to grasp the pericardium into a tube, followed by needle entry into the 
pericardial bleb formed by the vacuum. Both of these schemes inherit the 
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deficiency of the Grabek device, with its unreliable needle entry. In addition, 
these two schemes find it difficult to form a bleb of pericardium in the clinical 
situation. The great majority of human patients have a layer of fatty tissue 
adherent to the pericardial surface. Suction devices, particularly those used in a 
5 percutaneous manner under fluoroscopic guidance, will pick up fat rather than 

pericardium, leading to unsuccessful pericardial needle entry. 

In the device of the present application, the endoscopic cannula with the 
transparent tapered tip is used to bluntly dissect a path to the pericardium, 
through the fat and connective tissue. Direct visualization allows verification 
1 0 that the pericardial surface is clean and devoid of adherent fat. Application of 

the pericardial entry instrument may occur under visual guidance on an exposed 
pericardial surface. 

While the methods according to the present invention are substantially 
described with reference to performing cardiac procedures within the 

1 5 pericardium, the invention is not limited to those procedures only. In an 

alternative embodiment of the method, after making the subxiphoid incision and 
inserting the endoscopic cannula in the incision, the endoscopic cannula is 
advanced to the mediastinum under endoscopic visualization. The surgical 
procedure is then performed on structures, other than the heart, that are located 

20 within the mediastinum, for example the esophagus and the lymphatic glands. 

For example, a biopsy may be taken from a lymphatic gland using this 
procedure. 

BRIEF DESCRIPTION OF THE DRAWINGS 
25 Figure 1 A is a perspective view illustrating a dilation tool in accordance 

with the present invention. 

Figure IB is a perspective view illustrating the inner cannula of a 
dilation tool in accordance with the present invention. 

Figure 1C is a perspective view illustrating the expandable sheath of a 
30 dilation tool in accordance with the present invention. 
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Figure ID is a cross sectional view of the inner cannula of a dilation tool 
in accordance with the present invention. 

Figure IE is a perspective view illustrating an embodiment of the slide 
mount in accordance with the present invention. 
5 Figure IF is a perspective view illustrating an embodiment of the 

housing in accordance with the present invention. 

Figure 2 is a flow chart illustrating a method of using the dilation tool 
accordance with the present invention. 

Figures 3A-D are perspective views illustrating the dilation tool in 
1 0 operation in accordance with the present invention. 

Figure 4 is a perspective view illustrating a pericardial entry instrument 
in accordance with the present invention. 

Figure 5 is a flowchart illustrating a method of using the pericardial 
entry instrument in accordance with the present invention. 
1 5 Figures 6A - D are perspective views illustrating the operation of the 

pericardial entry instrument in accordance with the present invention. 

Figure 7A is a perspective view of an endoscopic cannula with an access 
port in accordance with the present invention. 
/ *Vj)^>~ Hguse-TB- is a pe r s p ective view of an endosc o pic can nula wixh an access^ 

20 JW' port with an flrrirylakk*-4iHMi1 in nrrnw^nr>> with thf» pr^gpni invpntfnn- 

^- Figure 7C is a cross sectional view of the embodiment of Figure 7B. 

Figure 7D is a perspective view of an endoscopic cannula that is 
substantially arcuate in shape. 

Figure 8A is a flowchart illustrating the subxiphoid access method of 
25 using an endoscopic cannula via a dilated cavity using the dilation tool with an 

expandable sheath in accordance with the present invention, as well as an 
alternative method of using the endoscopic cannula and pericardial entry 
instrument in accordance with the present invention, without first dilating a 
cavity, for procedures performed within the mediastinum. 
30 Figure 8B is a flow chart illustrating two alternative methods of using an 

endoscopic cannula and pericardial entry instrument of the present invention, 
for procedures performed within the pericardium. 
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Figures 9A - D are partial cross sectional views of the operation of an 
endoscopic cannula and dilation tool in accordance with the present invention. 

Figures 1 OA-E are partial cross sectional view of the operation of an 
endoscopic cannula, dilation tool and pericardial entry instrument in accordance 
5 with the present invention. 

Figures 1 1 A-C are partial cross sectional views illustrating 360° access 
to the heart using the subxiphoid access method of this invention. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

10 Figures 1 A-D illustrate a preferred embodiment of a dilation tool 100 

which embodies an aspect of the invention. Dilation tool 100 includes an inner 
cannula 108 having lumen 120 as shown in Figure ID, and an expandable 
sheath 124 comprised of shells 136(1) and 136(2) as shown in Figure 1C. 
Preferably, the inner cannula is formed of a sufficiently rigid material, such as 

15 metal or plastic, that would allow tip 104 to be used to bluntly dissect a cavity 

from an incision point to the pericardium or other surgical site of interest. 
Lumen 120 is provided to allow the insertion of an endoscope 130 fitted with 
video camera 150 in the dilation tool 100, and tip 104 is transparent to allow 
endoscopic visualization during the surgical procedure. In a preferred 

20 embodiment, tip 104 has a long distal taper 1 12 as shown in Figure IB, which 

allows tip 1 04 to bluntly dissect away tissue encountered along the cavity to the 
pericardium. Tapered tip 1 04 also provides a broader and less distorted field of 
view than conventional tips. Tip 104 in the preferred embodiment also has a 
proximal short taper 116. The proximal short taper 116 facilitates the retraction 

25 of the inner cannula 108 through expandable sheath 124. Intermediate between 

proximal short taper 116 and long distal taper 1 12 is an optional enlarged region 
118. The enlarged region 118 has a maximal dimension greater than the 
diameter of the inner rigid cannula 108, and this greater maximal dimension 
causes the expandable sheath 124 to expand as tip 104 is retracted through 

30 sheath 124. Tapered tip 104 is preferably configured to be removable from the 

elongate body, for example by means of being screwed into a threaded end of 
the elongate body or by snapping to fit onto the elongate body. 
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Inner cannula 108 preferably has a relatively small diameter, for 
example 7mm, which minimizes the probing force exerted on the heart caused 
by advancement of the dilation tool 100 to the anterior surface of the 
pericardium. The use of larger cannulas to isolate the anterior surface of the 
5 pericardium has a greater tendency to cause cardiac arrhythmias. However, in 

order to introduce pericardial puncture or entry instruments to the surgical site, 
an endoscopic cannula with an access port must be advanced to the pericardium, 
and these cannulas typically have larger diameters, for example 12 mm in 
diameter. Therefore, a cavity is preferably initially dilated to accommodate 
1 0 these larger cannulas. 

In use of tool 100, as shown in Figure 1 A, expandable sheath 124 
resides on the outside of inner cannula 108. Expandable sheath 124 allows 
u3 insertion into the body of instruments of a diameter greater than the initial 

y j puncture size. In a preferred embodiment, as shown in Figure 1 C, the 

9 1 15 expandable sheath 124 is generally rigid and is split longitudinally into two 

Mi 

4» shells 136(1) and 136(2). The expandable sheath 124 may be metal, plastic, or 

J ! the like. Metal expandable sheaths may provide better dilation than plastic due 

^ to their superior rigidity. 

□ Expandable sheath 124 has two resilient connectors 144, a first resilient 

2i 20 connector 144(1) near the proximal part of the sheath 124 and a second resilient 

C3 connector 144(2) near the distal end of the sheath 124. The resilient connectors 

144 are preferably elastic bands and contract the two shells 136(1) and (2) 
against inner cannula 108. The resiliency of connectors 144 allows expandable 
sheath 124 to expand along the longitudinal split as an object of greater 
25 diameter is advanced or withdrawn through sheath 124. In one embodiment, the 

inner surface of the distal end of the expandable sheath 124 is chamfered to 
facilitate easier removal of the tip 104 through the expandable sheath 124. The 
proximal end of the expandable sheath 124 is attached to slide mount 128 which 
retains shells 136(1) and (2) of expandable sheath 124 in axial alignment as 
30 sheath 124 expands. Slide mount 128 is preferably composed of a hard plastic 

or other rigid material having a slot 140 disposed to fit in tracts or grooves in 
the proximal ends of the expandable sheath 124. 
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In a preferred embodiment, one shell of the expandable sheath 124, 
lower shell 136(2) in Figure 1C, is attached to the slide mount 128. The other 
shell, upper shell 136(1) in Figure 1C, is unattached, and is constrained to slide 
freely in a vertical direction within the slot 140. In one embodiment, axial 
5 alignment is maintained due to use of a housing 148. In this embodiment, 

shown in Figure IE, the unattached shell 136(1) has a housing 148 disposed at 
its proximal end. As shown in Figures IE and IF, housing 148 has a horizontal 
dimension greater than the horizontal dimension of the slot 140. However, 
housing 148 has a groove 152 which receives frame 162 of the slide mount 128, 

10 such that housing 148 is slidably movable within groove 152 in the vertical 

direction. Groove 1 52 has a sufficiently narrow width to ensure minimal axial 
movement of shell 136(1) relative to frame 162. Thus, during advancement or 
retraction of a device, the unattached shell 136(1) is displaced vertically, but its 
axial movement is restricted. 

1 5 Figure 2 is a flowchart which illustrates a method of using dilation tool 

100, and will be described with reference to Figures 3A-3D, showing only the 
apparatus. Step 200 involves the making of a subxiphoid incision overlying an 
entry point for a surgical procedure. The subxiphoid incision is preferably 
small, about 2 cm. Next, the subcutaneous tissue below the incision is bluntly 

20 dissected to expose the linea alba, which is also incised. In step 204, dilation 

tool 100 is inserted into the incision, and tapered tip 104 bluntly dissects a 
cavity responsive to the advancement of the dilation tool 100. Dilation tool 100 
is then positioned on the posterior aspect of the xiphoid process and sternum. In 
step 208, dilation tool 100 is advanced within the mediastinum (optionally to 

25 the pericardium) under endoscopic visualization. A laparoscopic endoscope 

with an attached CCD chip camera can be used to accomplish endoscopic 
visualization. Since the pericardium is a thin membrane, visualization of the 
beating heart through the endoscope underneath a translucent membrane 
indicates correct positioning of the dilation tool 100 on the anterior surface of 

30 the pericardium. 

In step 212, following advancement of the dilation tool 100 to the 
desired position in the body, expandable sheath 124 is held in place as inner 
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cannula 108 is retracted through expandable sheath 124, as shown in Figure 3B. 
Retraction of inner cannula 108 with enlarged region 118 through the length of 
expandable sheath 124 dilates the tissue adjacent to the length of expandable 
sheath 128 to at least the maximal dimension of the enlarged region 118. 
5 Preferably, the surgeon holds slide mount 128 in place, while pulling back on 

inner rigid cannula 108. The proximal taper 1 16 of cannula tip 104 rides 
against the chamfered inner surface of the distal end of the expandable sheath 
128, smoothing out the initial process of cannula removal. 

The inner cannula tip 104 glides along the outer edges of the two shells 

10 136 during cannula withdrawal. The generally rigid structure of the split shells 

radially displaces the surrounding tissue as the shells part or separate, thus 
dilating the cavity initially created by advancement of dilation tool 100 as 
shown in step 212. Thus, substantially all of the force resulting from 
withdrawing cannula tip 108 is exerted on the edges of the shells 136, and not 

15 on the tissue. Shear force has the tendency of causing vessel avulsion and tissue 

abrasion, and its avoidance during dilation is preferable. However, in 
accordance with the present invention, only radial force is exerted on the tissue 
by the split shells 136, which reduces any trauma to the tissue from the dilation 
process. The dilation of the cavity facilitates subsequent insertion into the 

20 lumens of larger diameter instruments, particularly the endoscopic cannula of 

the present invention, as shown in step 216. 

In one embodiment, expandable sheath 124 remains in position within 
the patient's body (not shown) in the dilated cavity created by removing inner 
cannula 108 as shown in Figure 3B. In step 216, large diameter instruments are 

25 sequentially inserted through the proximal end of expandable sheath 124, 

without exerting shear force on the tissue cavity. Expandable sheath 124 
accommodates instruments of varying diameters and cross-sections. 
Additionally, leaving expandable sheath 124 in place maintains a dilated cavity 
to the desired surgical site, thus facilitating the advancement of the next 

30 instrument to be used in the procedure to the correct position within the body. 

Figure 3D illustrates an endoscopic cannula 700 according to the present 
invention about to be inserted into expandable sheath 124, which is expanded as 
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shown in Figure 3D to accommodate the larger diameter of the endoscopic 
cannula. 

Advancement of the larger cannula dilates the dissection cavity to the 
exact size necessary to accommodate the larger cannula. Therefore, in 
5 accordance with the present invention, the cavity is dilated no larger than 

required to accommodate the surgical tools used in the procedure. In the prior 
art, a surgeon would have to estimate the amount of dilation required for a 
procedure, and would have to repeatedly dilate the tunnel if the surgeon 
underestimated the amount of dilation required. Conversely, over-estimating the 
1 0 amount of dilation required leads to unnecessary trauma. This is avoided 

through the use of the expandable sheath 124 which expands concurrent with 
the size of the tool inserted. 
yQ In another embodiment, the expandable sheath 124 is slidably attached 

r; j to the inner cannula 108. In this embodiment, the inner cannula 108 is retracted 

U1 15 through the expandable sheath 124 as described above, but the expandable 

jz sheath remains positioned at the distal end of the dilation tool 100. After 

: sis 

u ' dilation has been achieved using the expandable sheath 124, the entire dilation 

O tool 1 00 is removed from the body. 

As previously mentioned, dilation tool 100 will be generally used with a 
20 larger diameter instrument, for facilitating the insertion of the larger diameter 

q instrument by dilating a cavity to the surgical site within the patient's body. 

One such larger diameter instrument is an endoscopic cannula according to the 
present invention. Referring now to Figure 7A-D, endoscopic cannula 700 
comprises cannula 702, having an elongated body and defining one or more 
25 lumens, 716 and 718. One of the lumens may be used as an endoscopic lumen 

716 to house the endoscope, while the other lumen 718 is used as an access port 
for housing surgical devices, advanced either concurrently or sequentially, as 
will be discussed more specifically below. Endoscopic cannula 700 further 
comprises transparent tip 708 positioned at a distal end of cannula 702, and an 
30 endoscope 720 for visualization of the surgical procedure. Tip 708 is preferably 

tapered, and most preferably cone shaped, as shown in Figure 7A. Cannula 702 
may be constructed in any suitable configuration. For example, it may be 
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constructed of a solid bar that is pierced to create lumens 718 and 716. 
Alternatively, cannula 702 preferably contains a smaller diameter dissection 
shaft 710 defining lumen 716, the shaft 710 terminating in tip 708 at its 
proximal end. 

5 In a preferred embodiment, endoscope 740 is used with an eyepiece 704 

skewed at a right or oblique angle to endoscope 740 to allow eyepiece 704 to be 
positioned away from the plane in which access port 718 resides. This 
arrangement prevents interference between a video camera 730 (attached to the 
eyepiece 704 of the endoscope) and a handle of a pericardial entry instrument 

1 0 (not shown). Figure 7A illustrates endoscopic cannula 700 housing an eyepiece 

704 at a right angle to endoscope 740. By positioning eyepiece 704 at a right 
angle to endoscope 740, rigid instruments may be inserted through access port 
718 without interfering with camera 730. Alternatively, eyepiece 704 may be 
oriented along the longitudinal axis of endoscope 740. If eyepiece 704 is 

1 5 oriented in this alternative position, flexible instruments are inserted through 

access port 718 to avoid interfering with camera 730. The tapered profiles of 
these devices may render subxiphoid dissection to the pericardial surface 
sufficiently atraumatic to avoid the need for using dilation tool with an 
expandable sheath (shown in Figure 1 A) prior to advancement of the 

20 endoscopic cannula with an access port (shown in Figure 7A). 

The endoscope is approximately 4-5 mm in diameter, and the access port 
71 8 is approximately 7 mm in diameter. Access port 718 is sufficiently wide to 
permit the introduction of the necessary surgical tools for the operation. 
Endoscope 740 in the endoscopic cannula 700 is sealed inside a transparent 

25 tapered tip 708, preserving visualization as the endoscopic cannula 700 comes 

in contact with tissue fluid, blood, or pericardial fluid. 

Preferably, endoscopic cannula 700 is substantially straight as shown in 
Figure 7A and is constructed of a rigid material, such as metal or resilient 
plastic, to allow the creation of a cavity by blunt dissection resulting from 

30 advancement of the cannula within the body. Endoscopic cannula 700 may 

have any suitable profile, for example elliptical (as shown in Figure 7C) or 
circular. In an alternative embodiment as shown in Figure 7D, the endoscopic 
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cannula 700D is rigid but substantially arcuate in shape. In another alternative 
embodiment, illustrated by articulating cannula 700B in Figure 7B, the 
endoscopic cannula is constructed of a flexible material, such as flexible plastic 
(polyethylene, polyurethane, polytetrafluoroethylene, etc.) and its tip 708 is 
5 articulable, for example by a wire 720 running through a separate wire lumen 

724 and attached to the distal end of the device, as shown in Figures 7B and 7C. 
Tensioning the wire 720 at its proximal end causes the cannula tip 708 to bend. 
Use of a flexible fiberoptic endoscope and a flexible endoscopic instrument in 
an articulating cannula 700B allows access into tight regions. 

10 As previously discussed, endoscopic cannula 700 is used in conjunction 

with surgical instruments, which are inserted either concurrently or sequentially 
into an access port lumen of the endoscopic cannula. One such surgical 
instrument is the pericardial entry instrument of the present invention. Figure 4 
illustrates a perspective view of a preferred embodiment of pericardial entry 

1 5 instrument 400. The instrument 400 includes a grasping tool 404 and a cutting 

tool 408. The grasping tool 404 preferably comprises a pair of locking 
endoscopic grasping forceps 412 of approximately 5 mm diameter, as smaller 
diameter forceps may not provide sufficient force to dissect fatty tissue adherent 
to the pericardium, and to grasp the pericardium during cutting. Upon access to 

20 the pericardium, the grasping jaws 412 of the grasping tool 404 pinch together 

pericardial tissue to create a flap of pericardium. The cutting tool 408 is then 
extended out to cut the gripped flap of pericardium, creating a small opening 
within which other surgical instruments may be introduced. The cutting tool 408 
is preferably a tubular cutter placed concentrically about a shaft of the grasping 

25 tool 404, having a sharpened distal edge. The tubular cutter 408 is disposed to 

facilitate free rotation about the shaft of the grasping tool 404, to facilitate the 
cutting of the pericardial tissue. The tubular cutter 408 is also slidably disposed 
on the shaft of the grasping tool 404 to facilitate axial translation from an initial 
position proximal to the grasping jaws 412 of the grasping tool 404 to a final 

30 position a short distance distal to the distal end of the grasping jaws 412 

sufficient for cutting the pericardium. 
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In one embodiment, an extension limiter 410 is disposed near the 
proximal end of the instrument 400 to restrict the range of axial translation of 
the cutting tool 408. The extension limiter 410 allows the surgeon to push the 
cutting tool 408 forward without fear of accidentally advancing the cutting tool 
5 408 through the pericardium, into the underlying heart. The cutting tool 408 

cuts a small (approximately 5 mm diameter) hole in the pericardium responsive 
to being advanced into the gripped flap and being rotated upon contact. The 
procedure is preferably performed under direct vision through endoscopic 
visualization to avoid injury to the heart, which lies in contact with the inner 

1 0 surface of the pericardium. 

The pericardial entry instrument 400 also includes a ratchet lock 420. 
The ratchet lock 420 is disposed as a part of scissor handle 424. When scissor 
handle 424 is closed, the grasping tool jaws 412 are closed. The ratchet lock 420 
locks the jaws 412 into their closed position when the scissor handle 424 is 

1 5 closed. This allows the flap of pericardial tissue to be held securely while the 

cutting tool 408 is advanced into the tissue. 

Figure 5 is a flowchart which illustrates a method of using the 
pericardial entry instrument 400, as described with reference to Figures 6A-6D. 
In steps 500 and 504, the jaws 412 of the grasping tool 404 are opened, and the 

20 sides of the open jaws 412 are placed in contact with the pericardium 610, as 

shown in Figure 6 A. Jaws 412 are closed in step 508 to tent up a fold 614 of 
pericardium 610 as shown in Figure 6B, while the underlying epicardial surface 
slips away from the grasp of the jaws 412, preventing pinching of the heart. 
Ratchet lock 424 is activated when the grasping tool jaws 412 is closed, and 

25 holds the pericardial fold 614 securely. Cutting tool 408 is advanced in step 512 

toward the fold and is rotated simultaneously in step 516 to cut an opening 615 
in the tented fold 614 of the pericardium, as shown in Figure 6C. The 
pericardium 610 is grasped along the side of the grasping tool jaws 412, to 
facilitate tangential movement of the cutting tool 408 with respect to the surface 

30 of the heart. Therefore, the tented fold 614 of pericardium is cut in step 520 in a 

direction away from the underlying heart, ensuring that no injury occurs to the 
heart. 
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In the pericardial entry instrument 400, application of the forceps jaws in 
a tangential relationship to the surface of the heart at the site of pericardial entry 
ensures that no injury occurs to the heart. The cutting tool is in intimate contact 
with the forceps jaws. As it slices through the flap of pericardium held in the 
jaws, the cutting tube also lies tangential to the surface of the heart, and the 
surface of the heart is moved away without being cut. In contrast, if the 
pericardium were to be grasped by the distal tips of the forceps jaws, 
advancement of the cutting tool would occur in a direction perpendicular to the 
surface of the heart. Entry into the heart muscle would be much more likely. 

As shown in Figure 6D, a small opening 615 with a cleanly cut edge is 
thus formed in the pericardium 610. Using endoscopic cannula 700 as 
previously described, surgical tools may be inserted via an access port of the 
endoscopic cannula through the opening 615 to access the heart in step 524 and 
perform the desired therapeutic procedure. The desired surgical and therapeutic 
procedures which can be performed at this point include but are not limited to 
such procedures as epicardial mapping and ablation for atrial and ventricular 
arrhythmias, pericardial window, myocardial biopsy, intrapericardial drug 
delivery, inserting a needle to inject cardiac muscle cells or undifferentiated 
satellite cells for cellular cardiomyoplasty, inserting a cannula to inject 
pharmacological agents for angiogenesis, robotic, cutting, stabilizing and 
anastomotic instruments for performing coronary artery bypass or coronary 
artery bypass grafting, or positioning a laser or other energy probe or 
mechanical piercing element to pierce the heart muscle for transmyocardial 
revascularization. In addition, the atrial appendage may be ligated and 
transected to prevent release of emboli in atrial fibrillation, for example by 
advancing a suture loop through the endoscopic cannula to cinch off the atrial 
appendage to prevent blood clots which frequently form in the appendage from 
migrating out and travelling to the brain. 

Once a hole has been formed in the pericardium, the cannula may be 
advanced through the hole to access the heart. The pericardial entry instrument 
may be removed from the working lumen, and a variety of instruments may be 
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inserted through the working lumen to perform procedures on the heart. For 
example, an electrode may be advanced through the working lumen to perform 
epicardial ablation for cardiac arrhythmias, including atrial fibrillation or 
ventricular tachyarrhythmias. A radiofrequency probe or a simple mechanical 
5 probe may be used to pierce the myocardium in multiple sites for 

transmyocardial revascularization (TMR). A needle may be advanced through 
the working lumen to inject undifferentiated muscle cells into infracted areas of 
the heart for the procedure of cellular cardiomyoplasty. Angiogenic 
pharmacologic agents may be injected into the myocardium. Devices may be 

10 inserted through the working lumen. A cardiac reinforcement device, for 

example as described in U.S. Pat. Nos. 6,077,218 and 6,085,754 to Alferness 
(incorporated herein by reference) and improvements thereof, may be inserted 
through the working lumen to surround the heart and restrict its volume in 
congestive heart failure. A linear stapler or a suture loop may be applied to the 

1 5 base of the atrial appendage, to seal off its opening and prevent ejection of 

blood clot into the cerebral circulation in patients with chronic atrial fibrillation. 

In the above procedures, the transparent tip 1 04 performs a dual role. 
First, it retracts the pericardium from the epicardial surface of the heart, to allow 
visualization of the instrument inserted through the working lumen. Second, it 

20 , allows continuous endoscopic visualization of the desired area of the heart, as 
the instrument is guided to perform the respective cardiac procedure. 

Figures 8A and 8B illustrate methods of performing surgical procedures 
using the devices described above, and will be described with reference to 
Figures 9A-D and 10A-D. Figures 8 A and 9A-D illustrate a method of 

25 performing surgery on mediastinal structures in accordance with the present 

invention. In step 800, an incision 912 is made below the xiphoid process 910 
(referred to as a subxiphoid incision) overlying the entry site, and the linea alba 
920 is incised according to conventional practice, as shown in Figure 9A. Next, 
in step 804, dilation tool 100 of the present invention is inserted into the 

30 subxiphoid incision under endoscopic visualization. In step 806, dilation tool 

100 is advanced to the mediastinum 950 under endoscopic visualization, as 
shown in Figure 9B. Advancement of dilation tool 100 causes tapered tip 104 
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to bluntly dissect a cavity responsive to the advancement of dilation tool 100. 
Dilation tool 100 is then positioned within the bluntly dissected cavity in the 
mediastinum 950 on the posterior aspect of the xiphoid process and sternum, for 
example to a position with tip 104 facing the pericardium 610 (but alternatively 
5 to a position in which tip 104 faces another organ within the mediastinum) as 

shown in Figure 9B. 

As the dilation tool 100 has a relatively small diameter, its use before the 
advancement of larger diameter instruments minimizes the risk of trauma to the 
surgical site. In step 808, the bluntly dissected cavity created in steps 804 and 

10 806 is dilated by withdrawing inner cannula 108 through expandable sheath 124 

of dilation tool 100, leaving sheath 124 in place as shown in Figure 9C. 
Retraction of inner cannula 108 with enlarged region 118 through the length of 
expandable sheath 124 dilates the tissue adjacent to the length of expandable 
sheath 128 to at least the maximal dimension of the enlarged region 118. 

1 5 Preferably, the surgeon holds rigid slide mount 128 in place, while pulling back 

on inner rigid cannula 108. The proximal taper 1 16 of cannula tip 104 rides 
against the chamfered inner surface of the distal end of the expandable sheath 
128, smoothing out the initial process of cannula removal. 

The generally rigid structure of the split shells radially displaces the 

20 surrounding tissue as the shells part or separate, thus dilating the cavity initially 

created by advancement of dilation tool 100. Thus, substantially all of the force 
resulting from withdrawing cannula tip 108 is exerted on the edges of the shells 
136, and not on the tissue. Shear force has the tendency of causing vessel 
avulsion and tissue abrasion, and its avoidance during dilation is preferable. 

25 However, in accordance with the present invention, only radial force is exerted 

on the tissue by the split shells 136, which reduces any trauma to the tissue from 
the dilation process. The dilation of the cavity facilitates subsequent insertion 
into the lumens of larger diameter instruments, particularly the endoscopic 
cannula of the present invention, as shown in Figure 9C. 

30 As shown in Figure 9C, expandable sheath 124 stays in place after 

withdrawing inner cannula 108. In step 812, a larger diameter instrument, for 
example the endoscopic cannula 700 of the present invention, is inserted into 
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the cavity dilated by expandable sheath 124, as shown in Figure 9D. In step 
834, surgical instruments are inserted into the one or more access ports of 
endoscopic cannula 700, for example access port 718 as shown in Figure 7C. In 
step 836, surgical procedures are then performed within the mediastinum 950 on 
5 the desired mediastinal organ. Typical surgical procedures that may be 

performed in the mediastinum include, for example, ablation and biopsy of 
lymphatic glands, thymectomy (removal of thymus gland), tracheal and 
esophageal repair. Typical surgical instruments that may be inserted for 
operation in the mediastinum include ablation catheters, radiofrequency or 
1 0 cryogenic probes, biopsy needles, and endoscopic graspers, shears and needle 

holders. 

Alternatively, the mediastinum 950 may be accessed without initially 
dilating a cavity using dilation tool 1 00, as shown in the alternative flow chart 
in Figure 8A. In step 800, a subxiphoid incision is made overlying the entry 

1 5 site, and the linea alba 920 is incised according to conventional practice. Next, 

in step 831, a larger diameter surgical tool (for example the endoscopic cannula 
700 of the present invention) is inserted into the subxiphoid incision and 
positioned in the mediastinum on the posterior aspect of the xiphoid process and 
sternum. In step 833, the larger diameter surgical tools is advanced in the 

20 mediastinum 950 to the surgical site of interest under endoscopic visualization, 

bluntly dissecting a cavity responsive to the its advancement. In step 834, 
surgical instruments are inserted into an access port of the larger diameter 
surgical tool, for example access port 718 of the endoscopic cannula 700 of the 
present invention. The surgical instruments may be advanced either 

25 concurrently or sequentially, that is a first instrument can be inserted, used, then 

retracted, and then a second instrument inserted, used, and retracted, etc. 
Finally, in step 836, the surgical procedure is performed within the mediastinum 
950 on the desired mediastinal organ. 

Where the mediastinal organ of interest is the heart (situated within the 

30 pericardium), the method is generally as described above until the larger 

diameter instrument reaches the pericardium. Referring now to Figures 8B and 
10A-E and 1 1 A, in step 850 a subxiphoid incision is made and the linea alba is 
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incised according to conventional practice, as shown in Figure 9A. In step 852, 
dilation tool 100 is inserted into the subxiphoid incision under endoscopic 
visualization as shown in Figure 1 OA, and a cavity is bluntly dissected during its 
advancement in step 853. In step 854, the cavity is dilated as previously 
5 described using the dilation tool as shown in Figure 10B. In step 856, the larger 

diameter instrument (for example endoscopic cannula 700 of the present 
invention) is advanced within the mediastinum 950 toward the pericardium 
through the dilated cavity under endoscopic visualization as shown in Figure 
IOC. Alternatively, in steps 855 and 857 the endoscopic cannula is advanced 
10 directly into the subxiphoid incision without first dilating the bluntly dissected 

cavity. 

Upon reaching the pericardium as shown in Figure 10D, in step 858 an 
opening is cut in the pericardium using the pericardial entry instrument as 
previously described (Figure 10E). Specifically, as shown in Figure 4, the 

1 5 anterior pericardium is grasped with pericardial entry instrument 400 to lift the 

pericardium away from the heart. Tubular cutter 408 is then rotated to create a 
controlled cut of the pericardium, creating opening 615. In step 860, 
endoscopic cannula 700 is advanced through the opening and is positioned on 
the desired region of the heart under endoscopic visualization (Figure 1 1 A). 

20 Preferably, opening 61 5 is made near the apex of the pericardium and 

endoscopic cannula is initially advanced from the apex toward the base of the 
heart. The left anterior descending coronary artery and the left atrial appendage 
provide landmarks for the surgeon so the location of the surgical site of interest 
is more easily found. 

25 In step 862, pericardial entry 400 instrument is removed from access 

port 718 of endoscopic cannula 700, and other desired surgical instruments are 
inserted through access port 718 to operate on the heart within the pericardium. 
In an alternative embodiment, endoscopic cannula 700 includes more than one 
access port, such that removal of the pericardial entry instrument is not 

30 necessary for the insertion of other surgical instruments. In still another 

embodiment, the access port is of a sufficient size so that several surgical 
instruments may be inserted concurrently. The surgical and therapeutic 
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operations which can be performed at this point include but are not limited to 
such procedures as epicardial mapping and ablation for atrial and ventricular 
arrhythmias, pericardial window, myocardial biopsy, intrapericardial drug 
delivery, inserting a needle to inject cardiac muscle cells or undifferentiated 
5 satellite cells for cellular cardiomyoplasty, inserting a cannula to inject 

pharmacological agents for angiogenesis, robotic, cutting, stabilizing, and 
anastomotic instruments for performing coronary artery bypass or coronary 
artery bypass grafting, or positioning a laser or other energy probe or 
mechanical piercing element to pierce the heart muscle for transmyocardial 

1 0 revascularization. In addition, the atrial appendage may be ligated and 

transected to prevent embolism in patients with chronic atrial fibrillation, for 
example by advancing a suture loop through the endoscopic cannula to cinch off 
the atrial appendage to prevent migration of blood clots which frequently form 
in the appendage from migrating out and travelling to the brain. 

1 5 The subxiphoid pericardial access method as herein described is 

particularly advantageous as it enables the surgeon to access all regions of the 
heart, that is a 360 degree view including the anterior, posterior, left and right 
regions of the heart. Referring now to Figures 1 1 A-C, endoscopic cannula 700 
is initially inserted into the pericardium 610, preferably via an incision near the 

20 apex of the heart 1 100, and then swept around the heart 1 100 over the anterior 

and posterior surfaces of the heart 1 100 (e.g. from the position shown in Figure 
10A to that shown in Figure 10B and then back to the position shown in Figure 
10C). As shown in Figures 1 1A-C, endoscopic cannula 700 is maneuvered 
around the heart 1 100 in such a way that all regions of the heart may be 

25 accessed. The endoscopic cannula can be maneuvered because of the 

subxiphoid entry position and the flexibility of soft tissue around the heart, the 
softness of the tissue allowing the endoscopic cannula to push apart tissue and 
move around the heart. Thus, all regions of the heart may be accessed without 
the need for invasively lifting or rotating the heart to access posterior or lateral 

30 vessels and structures. 

As described above, once a larger diameter instrument, for example 
endoscopic cannula 700, is inserted into the pericardium (either through a cavity 
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dilated by expandable sheath 124, as shown in Figure 9D, or without using an 
expandable sheath, as shown in Figures 1 1 A-l 1C), surgical instruments are 
inserted into the one or more access ports of the larger diameter instrument, for 
example port 718 of endoscopic cannula 700 as shown in Figure 7C. 

The several apparatus of the various aspects of the present invention 
have been discussed in relation to a subxiphoid access surgical method. 
However, use of the apparatus disclosed herein, that is an endoscopic cannula, a 
dilation tool, and a pericardial entry instrument, and is not limited to use with 
the subxiphoid access method. While the subxiphoid access method is preferred 
because of its minimally invasive nature, other methods of access may also be 
used, for example using an incision in the intercostal region and advancing the 
endoscopic cannula through the incision to gain access to the pleural cavity. In 
such a procedure, the pleural membrane and the pericardial membrane, which 
lie in contact with one another, are grasped and punctured using the pericardial 
entry instrument to reach the heart. In addition, the methods described herein 
are not limited to accessing mediastinal structures (which includes the 
pericardium). For example, procedures requiring access to the peritoneum, the 
dura mater, or any membrane overlying a sensitive organ, for example, the 
spine, the brain, or the stomach, also benefit from the use of the apparatus and 
method described above. 
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